Background: It is unclear whether overweight and obesity in older age reduces or increases the risk of incident dementia. Objective: To assess the impacts of overweight and obesity in older age on incident dementia. Methods: We searched cohort studies reporting body weight measured in older age and dementia through PubMed, Embase, Medline, PyschInfo, and Cochrane library until July 2016. Sixteen articles were identified for the review. We pooled data from them and a new unpublished study from China, to calculate relative risk (RR) of incident dementia in relation to body mass index (BMI) and waist circumference (WC). Results: All 16 cohort studies were undertaken in high income countries, with follow-up periods ranging between 3 to 18 years. Thirteen studies showed an inverse association between BMI and dementia, and three studies demonstrated a positive association. Pooled RR of dementia in relation to continuous BMI from 14 studied populations, including the new Chinese data, was 0.97 (95%CI 0.95-1.00); in those followed up <9 years it was 0.95 (0.93-0.96) while in ≥9 years follow-up it was 1.03 (0.96-1.11). In five studied populations examining categorical BMI, RR of dementia in older people classified as overweight and obese was 0.98 (0.54-1.77) and 1.17 (0.65-2.10) respectively, in comparison with other weights. The pooled WC data showed no association between increased WC and reduced risk of dementia. Conclusion: The current evidence did not support a paradox on beneficial impacts of overweight and obesity in older age on incident dementia. More studies with long term follow up are needed to clarify the association of body weight in older age with dementia risk.
population increases. The majority of dementia cases occur in older age, with over 90% of dementia cases developing after age 60 years and 32% in those ≥85 years [1, 2] . Although there is a significant association of overweight and obesity measured in younger and middle age with increased risk of incident dementia [3, 4] , the contrary is found for most reported findings of overweight and obesity in older age S88 [5, 6] . Some studies [7] have reported that older people with obesity had a significantly reduced risk of incident dementia. Analysing a number of studies published before September 2014, Pedditizi et al. found that compared to those of normal weight, people classified as overweight or obese at ≥65 years had a reduced risk of incident dementia; risk ratios were 0.88 (95%CI 0.76-1.02) and 0.83 (0.74-0.94), respectively [6] . Knowledge surrounding the impact of body weight in older age on dementia risk has significant public health relevance and has the potential to lead to reductions in dementia worldwide. However, the conclusions from previous studies of older adults have been limited due to the combining of middle and older aged adults in samples for analysis [8] . The inverse association between incident dementia and overweight/obesity in older adults reported previously [6] was limited by the small number of studies including only older adults. Furthermore, previous systematic literature review studies [3] have not examined multiple indicators of obesity (e.g., waist circumference measurement) and have rarely included subgroup data analysis by duration of study follow-up to assess the inverse effect [3, 6] . Over the past 3 years, following the debate on whether overweight/obesity in older age reduces the risk of late-life dementia [5, 6, 9] and a paradox on whether overweight would help survival longer than normal weight [10] , there have been more studies [11] [12] [13] published on the association between overweight/obesity and incident dementia. In this paper, we carried out a comprehensive systematic literature review and meta-analysis to assess the impact of obesity and overweight measured by body mass index (BMI) and other indicators of central fat in older age on incident dementia. We added new data from an unpublished study in China to examine whether the length of the cohort follow-up affected the findings of the association between overweight/obesity in older age and incident dementia.
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METHODS
Systematic literature review
We (ID, WZ, and AB) searched literature from Embase, Medline, PubMed, CINAHL, Psych-info, and Cochrane library databases. The strategy for the database search was developed using the Population, Exposure and Outcome framework [14, 15] . The search terms were ["dementia" OR "Alzheimer's, vascular dementia, cognitive impairment and cognitive decline"] AND ["BMI, 'Body Mass Index"' OR "Overweight, Obesity, Adiposity and Waist Circumference"] for all fields, including MeSH terms, abstract, title, or text words. The literature was searched from the earliest dates of each of the databases to 31 July 2016. The search for relevant articles included all studies with no language restriction. We read the title and abstract of the searched studies. The studies selected were appropriate for this review if they were prospective cohort studies that investigated incidence of all dementia (or any specific type of dementia) in relation to overweight or obesity measured by BMI or waist circumference (WC) in the population. The participants must be communitybased older adults with baseline age of ≥65 years. Alongside the electronic database searches, a manual reference search was conducted to find additional articles missed by the online search. The grey literature was also explored and authors of eligible articles [11, 16] contacted by email for more information. Studies that assessed only cognitive impairment as an outcome with no formal diagnosis of dementia and those of cross-sectional and case control study designs were not included. We identified 16 original studies eligible for literature review (Fig. 1) . Following the PRISMA guidelines [17] , we conducted a systematic literature review. Each of the articles was reviewed by two reviewers (ID and AB/WZ) and assessed independently using a predesigned data extraction form to extract the necessary information from the chosen studies. Differences in reviewing literature and extracting data between the two reviewers were resolved through face-to-face discussion, and where the differences remained the 3rd reviewer discussed with them to reach agreement. The quality assessment of the articles was conducted by employing the Newcastle-Ottawa Scale [18] .
Meta-analysis
We took eligible data from the above identified studies and a new study from China [19] . We pooled data from each studied population in the paper, for all types of dementia first (if the studied population did not provide data of all dementia, its subtypes data would be used), and then for Alzheimer's disease (AD) and vascular dementia (VaD) separately for comparison where the data were available. The studied population was defined as each individual sample in the study according to its place, time (years) and person (gender, etc.) where applicable. Only reported relative risk (e.g., RRs, Hazard ratio, or Odds ratio) Fig. 1 . Flowchart for literature search, selection, and inclusion of studies for the research. * Reasons included: studied midlife or younger baseline age <65 years, other outcome variables such as MCI, dementia+MCI, did not assess the key predictor (BMI or WC), different study design (such as cross-sectional or case control), etc. ∼Two studies were not used for meta-analysis due to fewer adjustments for co-variates. and 95% CIs from confounder adjusted models were considered for this analysis. RR was estimated using a random effect model provided there was a statistically significant heterogeneity test, indicative of differences among included studies, or else a fixed effect model was used. We used a funnel plot to assess the risk of publication bias.
First, we took all RRs from the studies with continuous BMI data or the highest BMI category if the studies did not examine continuous BMI data for use in the meta-analysis to give an overall picture for the association between increased BMI and incident dementia. Then, we pooled continuous data and categorical BMI (obese, overweight, normal, and underweight people; reference categories were those used in the respective primary studies) separately. We stratified the analysis by duration of study follow-up as this could help minimize the reverse effects on the association between overweight/obesity and dementia. We considered that a cut-off year of 9 for the follow up (i.e., short term <9 years and long term ≥9 years) in such subgroup meta-analysis was adequate to observe the consequence of overweight and obesity. This is because the average length of followup required to observe incident dementia since being exposed to a risk factor in older age, including the prodromal phase of the disease, ranges from 7-8 years [20] , and in the middle-aged population studies is longer (e.g., 10 years) [21, 22] . Based on these, it would be appropriate to use the cut-off point of 9 years for the subgroup data analysis to minimise reverse association between dementia and adiposity in older age. It would be likely that the duration of follow up would account for or contribute to the differences in findings from cohort studies [23] .
In the meta-analysis of the impact of WC on incident dementia, we defined WC third quartile or the next above the normal/no action level as large WC and the highest group as larger WC based on existing literature. We then pooled available data for the large WC and larger WC group from identified study populations and the new unpublished Chinese study [19] . All analyses were done using the Stata/IC 14.0 statistical software package.
RESULTS
Literature review
Out of 16 cohort studies identified for review, seven were undertaken in the USA, two in Finland, two in Sweden, and one each in Denmark, France, Italy, Australia, and Japan, all being from high income countries. Sample sizes ranged from 226 to 12,047 and in total included 41,781 participants and 4,511 dementia cases. The duration of follow up in these cohorts varied from 3 to 18 years. Of 16 studies, 12 investigated all types of dementia in relation to adiposity [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , among which eight further examined the association of AD with BMI [7, 12, 13, [36] [37] [38] [39] [40] while six analyzed the data for AD and VaD separately [32, 33, 35, [41] [42] [43] . In four studies which did not examine data from all types of dementia, three focused on AD only [44] [45] [46] and one investigated AD and VaD separately [47] . In all, there were 12 studies on BMI and AD and seven on BMI and VaD.
Among these published studies, thirteen [7, 12, 13, 36, 38-40, 44, 46-50] used calculated BMI from measured weights and heights, while three other papers [11, 37, 51] used participant's self-reported BMI. Eleven studies used continuous BMI for analysis, four of which also examined the categorized BMI, and three studies used the categorized BMI for analysis only (study of overweight and obesity in relation to dementia. Three studies [38, 40, 48] used both BMI and WC for analysis and one investigated BMI and Waist-To-Hip [7] . Only four studies [37, 39, 44, 49] could present their findings for BMI and dementia (or AD) with stratification by sex, and three others examined a single gender (female sample [13, 36] or a male sample [48] ). Two studies [38, 49] presented results as per age group of older people (e.g., younger 65-76 years or older ≥76 years), and one study stratified results according to APOE 4 carriers and noncarriers status [39] . Of sixteen studies, seven [37, 39, 44, 47, 50, 51] did not adjust for smoking and medical co-morbidities in their data analysis, but one of them excluded non-smokers but did not adjust for medical comorbidities [38] and other adjusted for medical co-morbidities but not smoking [50] . The details of the methods and characteristics of these studies are shown in Supplementary Table 1 . Based on the Newcastle Ottawa assessment scale, we rated their study qualities on good to excellent levels ( Table 1) .
There were thirteen studies showing an inverse association of BMI with dementia [28-31, 33-35, 42, 46, 47, 50, 52, 53] , of which ten were statistically significant [7, 11-13, 38, 39, 46, 48-50] . In contrast, only two studies [36, 37] suggested a significant and positive prediction of BMI to dementia, while one showed a non-significant increased risk of dementia [44] . In three studies which analyzed WC for central fat, one found a significant association between 'large WC' and increased risk of AD but not all types of dementia [38] and the other two [32] [33] [34] did not show any significant impact of large WC on incident dementia.
The data from our new unpublished Chinese study [19] demonstrates that older men who had overweight and obesity had increased risk of incident dementia, but women with overweight and obesity may have a non-significant reduction of incident dementia.
Meta-analysis
In the above 16 published articles that we reviewed (Table 1) , we excluded two studies [47, 51] from the meta-analysis as the authors did not adjust for enough confounders to calculate the RR of dementia in relation to overweight and obesity. We added in the data from the new Chinese study for the metaanalysis. Thus, there were 15 studies (including 17 studied populations) left for pooled data analysis, comprising of 37,369 participants and 4,189 dementia cases (Fig. 2) . Pooling data of the RR of dementia in relation to continuous BMI (or obesity if the continuous BMI data was not available) ( Fig. 2) showed a non-significant reduced risk of dementia, with a relative risk of 0.97 (95%CI 0.94-1.00), p = 0.055. After excluding those three studies [11, 37, 51] which used participants' self-reported BMI, we found that the significance for the association was reduced (RR 0.97, 0.94-1.00, p = 0.065). The analysis of all 17 studied populations did not show evidence of publi- cation bias (funnel plot in Supplementary Figure 1) , with Egger's test p = 0.564. Using data from all 17 studied populations (Fig. 2) , a further analysis stratified by duration of study follow-up showed that the RR of dementia was 0.95 (0.92-0.97) for short term follow-up (<9 years) and 1.00 (0.93-1.08) for long term follow up (≥9 years) (Supplementary Figure 2) . On examining the data of AD as outcome only (Supplementary Figure 3) , the matched figures were 0.93 (0.88-0.99) and 0.99 (0.70-1.39), respectively, while the overall RR for AD in relation to adiposity from all available studies (Supplementary Figure 4) was 0.95 (0.89-1.02). In those 14 studied populations with continuous BMI data analysis in the top part of Fig. 2 (16 ,576 participants with 2,372 dementia cases), the RRs for dementia in the short-term and long-term followup years studies were 0.95 (0.93-0.96) and 1.03 (0.96-1.11), respectively (Fig. 3) . Table 2 shows the findings from the different categorized BMI analyses in five studies (including the new Chinese study). Compared to normal BMI, older people with overweight and obesity exhibited a non-significant reduced risk of dementia; the RR of dementia was 0.87 (0.66-1.14) and 0.86 (0.60-1.22), respectively. Compared to combined normal and underweight BMI categories, the matched RRs remained non-significant; in overweight 0.98 (0.54-1.77) and in obesity 1.17 (0.65-2.10) ( Table 2) . Further and separate analysis of AD showed no association for continuous BMI nor for obesity (Supplementary Figure 5 ). However, the risk of AD was reduced for overweight (0.69, 0.57-0.88) while no association was observed for VaD in relation to obesity (0.91, 0.60-1.39) (Supplementary Figure 6) .
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The findings of the analysis of large WC and dementia risk showed non-significant changes in risk for those with large WC (RR: 1.04, 0.90-1.20) and larger WC (RR: 0.94, 0.80-1.09) (Fig. 4) .
DISCUSSION
In this paper, we carried out a comprehensive systematic review and meta-analysis, which included new data from China. The pooled data from cohort studies with <9 years follow up showed a significantly reduced dementia risk in relation to obesity and overweight in older age, but studies with longer follow-up reported no association of overweight and obesity in older age with incident dementia, including AD.
Strength and limitations
This study, to the best of our knowledge, is the first systematic review and meta-analysis that comprehensively explored dementia risk in relation to obesity and overweight, assessed by different anthropometric measures, in strictly older adults' population and examined differences in the impact of follow-up S92 duration on the relationship. It also examined the effects of WC on incident dementia and differences in the impact of adiposity on AD and VaD, which were absent from previous reviews in older people. We included data of 41,781 participants from 16 published studies and added-in the unpublished new study data from China to assess dementia risk in relation to older age overweight and obesity, and the findings of our study are robust. Our study has limitations. First, we could not perform a sex-stratified analysis to examine any gender differences within the impact of overweight/obesity on the incident dementia risk equation, while our new study from China showed gender differences in the impact. This is due to the limited number of primary studies that reported separate findings for males and females. The gender differences in the impact of overweight and obesity needs to be further investigated in future research. Second, although we tried to compare the impact of adiposity in older age on AD and VaD since the pooled data showed possible increase in the risk of VaD and reduction of AD in relation to adiposity, we could not find significant differences between them. This is partially due to a small number of studies that examined AD and VaD separately. Future original studies should be encouraged to add in data analysis for AD and VaD respectively, which would contribute to identifying their differences in the impact. Third, we could not compare the impacts of overweight and obesity on incident dementia between high and low/middle income countries as only few studies have been undertaken in these latter countries. This highlights the need for more prospective cohort studies from low and middle-income countries.
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Our review showed that while most studies reported the inverse association between excess weight and incident dementia, there were notable differences among studies and their findings which may be explained by age at obesity assessment, length of follow-up, type adiposity measure, adjustments for confounders, pre-existing illness and reverse causation, gender effect, and dementia types.
Age at adiposity assessment
The review of evidence from a decade of research of BMI and dementia risk (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) suggest that the impacts of overweight and obesity on incident dementia are varied according to the age at which they were assessed [54] . Indeed, recent findings from studies in younger and middle age populations (≤65 years) have demonstrated that excessive body weights increased the risk of incident dementia [4] , while the contrary has been the case for most reported findings of overweight and obesity assessed in older age [5, 6] . The analysis of combined data for obesity (BMI >40 Kg/m²) measured in both younger and older age (mean age 55 years) may produce find-S94 ings of a significant reduced dementia risk of 29% as reported by Qizilbash et al. in the UK [9] . However, it is difficult to separate the specific effect for older people from data that included younger age groups. The findings of inverse associations observed in similar studies of BMI and dementia risk may be limited by shorter follow-up of the study [55, 56] . There is also potential bias from possible weight loss encountered prior to the onset of dementia [56] . While the majority of older age BMI and dementia studies which were included in our study reported inverse associations, the meta-analysis stratified by length of follow up demonstrated that this is only true in studies with short term follow-up (<9 years).
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Length of follow-up
The harmful consequences of overweight and obesity in older people may take time to manifest, even though the survival hypothesis suggests that there may be a sub-population that could be resistant to or survive the effects [55] . Our findings from the meta-analysis have confirmed that the harmful consequences of overweight and obesity in older age on dementia risk is hard to observe in short-term follow-up cohort studies, whereas the inverse association could be found due to possible reverse causation. A recent study by Kivimaki et al. who examined unpublished individual-participant data based on health records (1.3 million people from Europe, USA, and Asia general populations with mean age of 36.3-55.2 years at baseline BMI assessment showed evidence that the harmful effect of higher BMI on dementia risk was from studies with long term but not short-term follow-up [56] . Our meta-analysis results have suggested that this may also be true in older age using data from prospective cohort studies with long term follow-up. It also implies that perhaps obesityyears may be more important in predicting future dementia risk. Notably in our systematic review, two studies [36, 37] , of which one had long duration of follow up [36] , found increased dementia risk for excess body weights. The previous study by Gustafson et al, with the longest duration of followup (18 years) showed that women who developed dementia between 79 and 88 years had higher BMI
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at the age of 70 years compared to those that did not develop dementia. Findings from the new Chinese study also demonstrated the harmful consequences of overweight and obesity on increased dementia in men over 10 years follow-up regardless of the measure of adiposity that was used.
Type of adiposity measure
The literature on obesity and aging suggests that body fat percentage is known to be raised with aging and so is higher accumulation of intra-abdominal fats due to body fat redistribution [55, 57] . The central intra-abdominal fat is a significant risk factor for cardiovascular diseases [58] [59] [60] . Despite this, epidemiological studies have explored overweight and obesity more frequently using BMI than WC which is considered as a better indicator of abdominal adiposity. Our review showed that among the 16 published studies for review only three investigated the impacts of large WC on dementia risk. While most of the included studies [32] [33] [34] in our review reported no association of WC with dementia, the study by Luchsinger et al. [33] found that there was more than a five-fold increase in the risk of AD in relation to adiposity, although no significant association with all types of dementia was found. The evidence from the new unpublished Chinese study showed a nonsignificant increase in dementia risk in older people with WC 85-95 cm (1.91, 95%CI: 0.80-4.56) and WC >95 cm (2.35, 95%CI: 0.86-6.42) in men and no association in women.
Adjustments for confounders
There is strong evidence for the association of dementia with smoking and comorbidities such as stroke and diabetes [61] [62] [63] [64] . In addition, older people with positive Apolipoprotein E-4 status, which is also related to obesity, are likely to develop late life dementia [65] . The lack of adjustments for these factors may bias the findings from those prospective cohort studies. Surprisingly, out of the 16 published studies, seven studies did not adjust for confounding factors of smoking and/or comorbidities in their statistical analysis [37, 38, 39, 44, 47, 50, 51] . We observed that despite most studies considering these important confounders, the reports of inverse associations still dominated the literature on older people. This may be due to less attention on the effects of reverse causation which could disguise the actual results. The complexity surrounding age related co-morbidities and the possible effects on body weights and subsequent dementia risk suggest that the influence of pre-existing illness from primary researchers requires more scrutiny.
Pre-existing illness
One challenge for the study of obesity and dementia risk is dealing with the possible risk of bias emanating from pre-existing illness in the elderly. Older people, particularly those with chronic illness, may lose weight and become prone to dementia. Yet it is obviously difficult to discount pre-existing illness in old age even with tighter baseline assessments of the health status of participants. The extent to which this may confound results of observational studies has been debated [55] .
Reverse causation
Evidence showed that weight loss may occur in older adults up to 10 years before dementia diagnosis [66] . Although the causes or mechanisms of weight loss in older adults remain unclear, reverse causation may emanate from weight loss due to obesity-related or unrelated illness that may impact on appetite and nutrition including dementia [67] . A recent study by Kivimaki et al. suggested that the effects of BMI on dementia risk are ascribed to both a direct causal link and reverse causation [56] . This highlights the need to account for reverse causation in observational studies. However, only few studies considered reverse causation, and the issue, of which approach is preferred, remains debatable. In our identified articles for systematic review, only five studies [38, 39, 48, 49, 51] attempted such a sensitivity analysis. Even when they did so, in some studies [39, 51] it did not appear to be related to minimization of any bias that might arise from pre-existing illness and reverse causality. For instance, the Swedish longitudinal research [39] found an inverse relationship between higher BMI (overweight/obesity) and reduced risk of dementia after 9 years follow-up (HR: 0.75, 95%CI: 0.59-0.96); but after sensitivity analysis that excluded first 3 years cases, the significant association vanished (HR: 0.66, 95%CI: 0.40-1.07), probably due to reduced number of dementia cases. Nevertheless, the study interpreted and concluded that higher BMI (≥25 Kg/m 2 ) may be protective and reflective of good health. Thus, there is need to examine sensitivity analyses to determine if the inverse association of dementia and excess body weights are 
Gender effect
Recent data of gender-specific associations between increased lipids and cognitive decline revealed disparities in the risk of cognitive impairment for men and women [68] . Despite the importance, there is less focus on gender in obesity and dementia research. Our review showed that most studies did not consider gender differences in the impact of overweight and obesity on incident dementia in their analysis. In fact, there were only four published studies that did so [37, 39, 44, 49] , while three others focused only on either male or female. The study by Hayden et al. [25] , which presented stratified results by gender but was restricted to the dementia subtypes (AD and VaD), showed an increased risk for AD in women with obesity (HR 2.23, 1.09-4.30) but no significant increase in incident AD in men (1.48, 0.41-4.18), although no association was noticed for VaD. Interestingly, the new cohort study from China demonstrated over 10 years of follow-up and using different adiposity measures (BMI, WC, and WC/ √ height) that overweight and obesity in older adults increased dementia risk in men but not women. Considering these findings, and limited research, more studies are needed to examine gender effect on the association of overweight or obesity with dementia risk in older people.
Dementia types
The etiology of dementia is complex and different types of dementia may have different risk factors. We tried to examine differences in the impact of adiposity on AD and VaD based on the theory that metabolic factors are important for VaD where vascular etiology is involved, but may not be important for pure AD [69] [70] [71] . Although clinically dementia types cannot be accurately discerned, the findings from published study [69] suggest that the association with adiposity may vary among AD and VaD. While metabolic factors may be more important in the etiology of VaD [69, 71] , the genes, e.g., APOE and TOMM40, increase susceptibility to AD [72, 73] . Our metaanalysis stratified by dementia subtypes in relation to linear/large BMI from all available data (Supplementary Figure 3) showed a relative risk of 0.95 (0.89-1.02) for AD (11 studies) and 1.03 (0.93-1.14) for VaD (six studies), respectively. There were no differences between the two RRs; the ratio of RRs was 0.92 (0.82-1.04), p = 0.196. The differences were not significant, maybe due to the small number of studies examining the association of dementia types with adiposity in older people. However, we have noted in the data analysis that the inverse association of AD with BMI was from those short-term follow-up studies only, but not from the long-term follow-up outcomes (Supplementary Figure 3) . This may suggest that the inverse association of AD with adiposity in older people is untrue. Previous studies in younger aged populations (<60 years old) showed that the risk of AD was increased in overweight (1.35, 1.19-1.54) and obesity (2.04, 1.59-2.62) [74] . A previous metaanalysis study [75] , including older and younger aged populations (baseline age ≥40 years) also found that obesity significantly increased the risk of AD (1.80, 1.00-3.29). In our meta-analysis of older age adiposity studies, if there were no association of AD with overweight and obesity, there would not be significant differences in the impact of adiposity on AD and VaD.
Implications and conclusions
Our systematic review and meta-analysis have several implications for policy making and public health practice. The findings suggest that obesity and overweight in older people is not protective against dementia risk. There is insufficient evidence to support recommendation of weight loss in older adults for the purpose of reducing dementia risk directly. However, it is likely that there are indirect effects of overweight and obesity in older age on dementia via other chronic conditions, e.g., diabetes, since these chronic conditions in older age are related to incident dementia. Thus, controlling bodyweight, even in older age, may prevent incident dementia. There is a lack of data from Asia on this topic, where the bodyweight is lower than those in Europe and northern America, including in the older population. Consequently, it is important to know if the trends of the impact of overweight and obesity in older adults on incident dementia are similar between Asian and European or US populations. It is possible that BMI thresholds at which risk commences differs by gender, ethnicity, and race. These need further research. Nevertheless, maintaining normal body weight from young to older ages as recommended by the current guidelines is necessary, and public health prevention and intervention strategies for tackling overweight and obesity should be sustained in older people.
